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One of the most important goals of cancer research is
to identify environmental and host factors that contrib-
ute to the malignant state. Human skin cancers are
among the few tumor types for which the predominant
environmental carcinogen is known. Ultraviolet light,
a component of sunlight, is an important cause of skin
cancer in humans. In humans and mice, ultraviolet B
radiation induces systematic and local immunosuppres-
sion. A consequence of that is inappropriate immune
surveillance of somatic tissues for evidence of malig-
nantly transformed cells. The impairment of contact
hypersensitivity, as it develops early and correlates well
Non-melanoma skin cancers (basal and squamouscell carcinoma) are the most common type ofcancer in the U.S.A. Each year about 900,000Americans develop one of these tumors (Millerand Weinstock, 1994) and by the age of 65 almost
half of all Americans have at least one skin cancer (Robbins and
Kumar, 1987). A dramatic increase of about 50%–80% over the
last 20 y in the incidence of melanoma and non-melanoma
skin cancer was reported in the U.S.A., Australia, and Europe
(MacLennan et al, 1992; Goldstein and Tucker, 1993). As humans
are increasingly exposed to sunlight, due to sunbathing in conjunc-
tion with depletion of the protective ozone layer, the risk of
developing skin cancer among humans chronically exposed to the
sun will inevitably increase.
In general, sunlight-induced skin cancers are seen primarily in
Caucasian individuals with some groups, such as individuals of
Celtic origin, being particularly susceptible (MacDonald, 1959). In
geographic regions of the earth where sun exposure is high and
intense, however, not all Caucasians of comparable skin color
and melanization develop skin cancer or sun-related degenerative
changes in the skin (MacDonald, 1959; Scotto et al, 1974).
Therefore, it is anticipated that host genetic factors – independent
of the polymorphic genes that dictate melanization of the skin –
will be found to contribute to the pathogenesis of skin cancer.
Supporting this idea of genetic susceptibility for skin cancers are
studies which document the tendency of skin cancer to ‘‘run in
families’’ (Hogan, 1986).
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with tumor frequency invariousmouse strains, hasbeen
used for over 15 y as a model of immunologic events
occurring in photocarcinogenesis. In mice, as well as in
humans, ultraviolet B radiation induced impairment of
contacthypersensitivity isnotuniforminall individuals;
some individuals are susceptible to the deleterious
effects of ultraviolet B, whereas others are resistant to
ultravioletB.Wehavedefined thegenetic locus respons-
ible forultravioletB susceptibility andresistance inmice
within the Bat5 and H-2D segment of the mouse chro-
mosome 17. Keywords: contact hypersensitivity/immuno-
genitics/skin cancer. J Invest Dermatol 113:224–229, 1999
Sunlight induces skin cancers by at least two different mechan-
isms. First, ultraviolet (UV) B radiation causes a variety of DNA
lesions by forming cyclobutyl pyrimidine dimers between adjacent
pyrimidines on the same DNA strand (Harberm and Bickers, 1981;
Kollias and Baqer, 1988). Living cells possess efficient enzyme
systems to restore the integrity of damaged DNA. If these systems
fail (e.g., by mutations of the tumor suppressor gene Ptc), injury to
the genetic material of epidermal cells may, directly or indirectly,
give rise to malignant degeneration. Secondly, UVB radiation
impairs the immune system that normally monitors somatic tissues
for evidence of malignantly transformed cells (Kripke, 1983; Daynes
et al, 1985). Mice exposed chronically to high UVB display gross
deficiency of splenic antigen-presenting cells, and their lymphoid
tissues contain suppressor T cells that confer tumor acceptance when
adoptively transferred into naive syngeneic recipients subsequently
challenged with UVB-induced tumors. Not only are UVB-exposed
animals unable to reject UVB-induced tumors, they cannot be
sensitized to haptens painted on either irradiated or unirradiated
(phenotypically normal) skin.
Acquisition of contact hypersensitivity following UVB irradiation
has been established as a useful model to study immune response
to neoantigens expressed on cutaneous neoplasms (Streilein and
Bergstresser, 1988). Some inbred strains like C57BL/6J, C57BL/
10J, and C3H/HeN fail to develop contact hypersensitivity when
dinitrofluorobenzene is applied epicutaneously to shaved mouse
skin that has been exposed to an acute, low-dose regimen of UVB
and these animals have been termed UVB susceptible (UVB-S). In
other strains of mice, for example A/J, DBA/2J, C3H/HeJ, and
BALB/cJ, vigorous contact hypersensitivity is induced when hapten
is painted on UVB-exposed skin, and these mice have been termed
UVB resistant (UVB-R).
The testing of UVB phenotypes in various inbred and congenic
mouse strains have shown that at least two genetic loci are
involved in determining UVB phenotypes. A difference in the
UVB susceptibility between inbred strains C3H/HeN and C3H/
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Figure 1. Mapping of UVB phenotype by
mouse congenic strains. The designation of Eα,
C4, Bf, Hsp-70, Bat5, Tnfα, and H-2D alleles as
well as cross-over points (arrow) in different congenic
strains is based on data of Lafuse et al (1992).
Figure 2. Map of the UVB-S region on mouse
chromosome 17. The horizontal lines represent
P1 clones with the clone names given on the left.
Scale is given in kilobases. The restriction enzyme
legend is given on the left. The position of the
located gene is indicated on the top.
HeJ that differ only at the lipopolysaccharide (Lps) locus implicated
this locus in the UVB susceptibility trait (Yoshikawa and Streilein,
1990). The testing of different mouse H-2 congenic mouse strains
(Vincek et al, 1993) have shown that the second involved loci
reside within the class III region of the mouse major histocompat-
ibility complex (MHC).
A similar acute low-dose UVB protocol has been devised to
evaluate human beings for the phenotypes of UVB-S and UVB-
R. It has been reported that 40% of tested humans are UVB
susceptible, and 60% are UVB resistant (Streilein et al, 1994a,b).
Insight into the potential biologic meaning of the UVB-S and
UVB-R traits in humans was given by results of similar experiments
conducted in a large number of individuals with biopsy-proven
basal and/or squamous cell skin cancer. The results indicated that
95% of patients were UVB susceptible, compared with 40% UVB
susceptibility detected in age-, sex-, and sun-exposure-matched
controls (Streilein et al, 1994a; Streilein et al, 1994b). Therefore,
the phenotype of UVB-S is a characteristic of virtually all patients
with skin cancer, and therefore, this trait may be considered a risk
factor for skin cancer.
We have set our goal to identify the gene(s) responsible for UVB
susceptibility and resistance. As in human, the Lps locus is considered
monomorphic and therefore probably does not contribute to
different human UVB phenotypes, we have concentrated our effort
on isolation of gene(s) within the mouse H-2 complex that
contribute to determining UVB phenotypes. The mouse H-2
complex is homologous to the human MHC region that was shown
to be associated with human non-melanoma skin cancers (Czarnecki
et al, 1994). Experiments in genetically defined mice have revealed
that the central region of the mouse MHC (H-2), encompassing a
variety of different genes, but not including class I and II genes,
contains the relevant susceptibility locus. In this communication,
we narrowed down the number of possible susceptibility loci to
seven that are included in the chromosomal segment between Bat-
5 and H-2D.
MATERIALS AND METHODS
Mice Adult mice (8–16 wk old) of the following inbred and congenic
strains were obtained from the domestic mouse breeding facility at the
University of Miami School of Medicine or were purchased from the
Jackson Laboratory, Bar Harbor, ME: B10.D2; A/J; B10.BR; A.SW;
C57BL/10J; B10.D2(R106); A.TH; B10.Q; B10.T(6R); SJL/J; p/J; DBA/
2J; C3H/HeJ; CeH/HeN; B10.S; B10.M; B10.A; and BALB/cJ. Strain
B10.S(30R)/Sg was kindly provided by Dr George Carlson from
McLaughlin Research Institute, Great Falls, MT.
Induction and assay of contact hypersensitivity Twenty-five micro-
liters of 0.5% dinitrofluorobenzene in acetone were applied to the dry
shaved abdominal surface of mice on day 0, as previously described
(Streilein and Bergstresser, 1988; Yoshikawa and Streilein, 1990). contact
hypersensitivity was elicited on day 5 by challenging one ear of each mouse
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Figure 3. Expression of genes in the UVB-S region from mouse
skin. Mice were shaved and irradiated with UVB or left unirradiated.
RNA was isolated and reverse transcriptase–PCR was performed using
gene-specific primers plus β-actin control primers. The 1 kb ladder (Gibco
BRL) was included (lane 1) to determine the size of PCR products. In all
lanes, β-actin (514 bp) is the higher band with the exception of IκBL
(1 kb) where β-actin is the lower band.
with 59 µg dinitrofluorobenzene in 20 µl. Ear thickness was measured
with an engineer’s micrometer 24 and 48 h following challenge and
compared with ear thickness prior to challenge. The statistical significance
of differences in the mean of each experimental group was calculated with
the Student’s t test. Mean differences were considered to be significant
when p , 0.05.
UVB radiation Experimental procedures were carried out with the
animals under general anesthesia achieved by i.p. injection of pentobarbital.
Each control of experimental panel consisted of five mice; all experiments
were repeated at least twice. Shaved abdominal skin was exposed to UVB
from a bank of four FS-20 fluorescent lamps with a tube to target distance
of 46 cm, as previously described (Streilein and Bergstresser, 1988;
Yoshikawa and Streilein, 1990). These bulbs have a broad emission spectrum
(250–400 nm) and high output was primarily in the UVB range (290–
320 nm). As measured by an IL 700 radiometer with a SEE 240 UVB
photodetector, these lamps delivered an average flux of 2.6–. 1.8 J per
m2 per s. Mice were exposed to UVB daily for 4 consecutive days (400 J
per m2 per d). Within 30 min of the final exposure, dinitrofluorobenzene
was applied to the irradiated site.
Isolation of P1 clones Mouse strain 129/J P1 library was commercially
screened by Genome System (St Louis, MO) using the polymerase chain
reaction (PCR) approach. The following primers were used for screening:
TNFα V 59 AAG TGG AGG AGC AGC TGG AGT GG 39
TNFα Z 59 CCA AAG TAG ACC TGC CCG GAC TC 39
Bat2 C 59 TTG CCC CTC GCC ATG GCC TG 39
Bat2 D 59 GTC TTG GGG TCG GAC TGT TCC 39
Bat1 A 59 ATG GCA GAG AAC GAT GTG GAC AAT 39
Bat1 B 59 CTT CTG ACG GAT GCT CAA AGC CA 39
6540 T7 F 59 CCCATCGTGACAGGATCTGTTG 39
6540T7 R 59 GAAGATGACCAGCACCACCTC 39
All PCR amplifications were performed using a reaction mix containing
a final concentration of 0.2 mM of dNTP, 50 mM of KCl 10 mM Tris-
HCl, pH 8.3, 1.5 mM of MgCl2, 5 pmol of each primer, and 1 unit
Taq polymerase (Perkin-Elmer, Branchburg, NJ) under the following
conditions: 94°C, 1 min annealing, and 1 min 72°C extension, followed
by final 1 time extension for 10 min at 72°C. The annealing temperature
for TNFα and Bat1 was 65°C and for Bat2 and 6540T was 62°C.
Restriction fragment mapping P1 bacteriophage DNA was prepared
using the standard method. Double- and single-restriction enzyme digests
of the P1 clones were run on 1% agarose gel using the Field Inversion Gel
Electrophoresis System (Bio-Rad, Hercules, CA). The gels were blotted
on to Hybond-N nylon membranes (Amersham, Bucks, U.K.), and the
membranes were then hybridized with probes labeled by the Random
Primer Labeling System (Gibco BRL, Eggenstein, Germany) following the
manufacturer’s instructions.
RNA isolation and reverse transcriptase–PCR Mice were shaved
and skin was irradiated or left unirradiated as described above, except that
only one dose of UVB was given. Mice were then left for 1 h before
killed. Skin was removed with sterile forceps and scissors, minced into
1 ml of Trizol (Gibco BRL) and homogenized. RNA was extracted from
the full thickness skin following the manufacturer’s protocol. RNA was
also extracted from PAM 212 keratinocyte cells by the same method.
Optical densities were determined to normalize the sample concentration
and an aliquot of each sample was run on an agarose gel to visualize the
integrity of the RNA. First-strand cDNA synthesis was performed using
the Stratagene (La Jolla, CA) reverse transcriptase–PCR kit. Oligo dT
(300 ng) was added to 10 µg of total RNA in a volume of 40 µl. Samples
were heated to 65°C for 5 min, cooled to room temperature, and reacted
with 20 U of MMLV-RT, 20 mM dNTP, RNAse inhibitor and first-strand
buffer. PCR amplifications were performed as described above using
primers for Bat1 and Bat2 and the following primer sets:
B144-F 59 TCC TGT TCA TCT GCT TGT GC 39
B144-R 59 ACT CAA GTG GGT GTG CTC CT 39
IBA1-F 59 CTT TTG GAC TGC TGA AAG CC 39
IBA1-R 59 GTT TCT CCA GCA TTC GCT TC 39
Bat3-F 59 CTC TCC TGA ACC TCT GGT GC 39
Bat3-R 59 CCT GCC AAG AGA CGA AAG AC 39
Bat4-F 59 TCG AGT TGC CAC ACT GAC TC 39
Bat4-R 59 AAG GGT TCG GAA GCT CAA GT 39
AIF-F 59 CTT TTG GAC TGC TGA AAG CC 39
AIF-R 59 GTT TCT CCA GCA TTC GCT TC 39
IC7-F 59 TGT CCT GAG AAA TGG GAA GG 39
IC7-R 59 ACA GTG TTC AGG GAC CCA AG 39
NB6-F 59 CTC AAG TCT ACT GGT TTT ACA GC 39
NB6-R 59 TAC TGC AGC GCT TGG CAG CC 39
LTα-F 59 CCA GCC TTC CCC ACT AAA ATA ACC 39
Ltα-R 59 GGT CAC CCA CAT CTA ATT CTC TCG 39
IκBL-F 59 GGACGG CTGGTGCGAGCCC 39
IκBL-R 59 TGTGCCGCAGCTGCCCCTTCTT 39
CKIIβ-F 59 ACCCACCTCTCCCTCTGTCT 39
CKIIβ-R 59 TCCCACCACAGTAACAATTCC 39
Amplifications of B144, IBA, Bat3, Bat4, LT-α, AIF, IC7, CKIIβ, and
NB6 were performed with a 57°C annealing temperature. IκBL was
amplified at a 68°C annealing temperature. In all PCR reactions β-actin
was coamplified using primers obtained from Stratagene to insure that the
integrity and quantity of cDNA was the same in all reactions.
Subcloning and sequencing PCR fragments were purified on an
agarose gel, blunt-ended, and ligated to the dephosphorylated pUC18
vector digested by the SmaI enzyme (Pharmacia, Piscataway, NJ). The
inserts were sequenced using the manual sequencing kits Sequenase 4.0
(US Biochemicals, Cleveland, OH) and analyzed by an urea-containing
polyacrylamide gel.
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Figure 4. Expression of genes in the UVB-S
region from a mouse keratinocyte cell line.
RNA was isolated from PAM212 cells. Reverse
transcriptase–PCR was performed using gene
specific primers. (–) no cDNA (1) 10 µg cDNA.
Lane 1, 1 kb ladder (Gibco BRL). All primers
amplified the approximate band size.
Probes The Bat1, Bat2, Bat3, Bat4, and Bat5 probes were human cDNA
probes kindly provided by Dr T. Spies (Fred Hutchinson Cancer Center,
Seattle, WA).
RESULTS
Using congenic mouse strains we were previously able to map the
locus determining UVB phenotypes to the mouse chromosome 17
distal to the Bat-5 gene (Vincek et al, 1993). As that region is quite
large we tried to determine the distal limit of the region in order
to isolate it physically and eventually positionally clone the UVB-
S gene.
Genetic mapping of the UVB susceptibility region Four
sets of experiments were performed comparing the ability of
UVB radiation to impair contact hypersensitivity induction by
dinitrofluorobenzene in the following combinations of recombinant
and congenic inbred strains: B10.D2, A/J, B10.BR (set 1); A.SW,
B10.D2, C57BL/10J, B10.D2(R106), and A.TH (set 2); B10.D2,
B10.Q, and B10.T(6R) (set 3); B10.D2, C57BL/10J, and
B10.S(30R)/Sg (set 4). The alleles at the Eα, C4, Bf, Hsp-70, Bat-
5, Tnfa, and H-2D loci were analyzed among mouse congenic
strains with defined cross-over sites for these strains (Lafuse et al,
1992) and a summary of results are shown in Fig 1.
The first set of congenic strains indicates that the UVB-S region
is distal to the Eα locus. The second set places it distal to the Hsp-
70 gene, and the third set locates it distal to the Bat-5 gene. The
distal limit of the region was determined using the fourth set that
maps the UVB susceptibility region proximal to the H2-D gene.
Therefore, we can conclude that the region determining UVB
phenotypes is distal to the Bat5 gene and proximal to the H-2D gene.
Physical isolation of the UVB susceptibility region Using a
PCR approach we have used primers for TNFα, Bat1, and Bat2
to screen the P1 bacteriophage mouse library. Restriction maps
were constructed and the position of Bat1, Bat2, Bat3, Bat4, Bat5,
TNFα, and H-2D gene were determined using cross-hybridization.
As we originally isolated eight partially overlapping P1 clones
extending from Bat4 to H-2D, and were missing the Bat5 gene,
we partially sequenced the proximal end of the P1 clone 6540 and
based on that sequence designed new primers (6540 T7R and 6540
T7F) to screen the P1 library. That way we obtained an additional
three clones covering the Bat5–Bat4 region and thus covered the
whole UVB susceptibility region. The physical map of the UVB
susceptibility region is shown in Fig 2. The maximal distance
between the Bat5 and H2-D gene is 190 kb. The map is in good
agreement with the recently published cosmid contig map of this
region (Dagenais and Nakamura, 1997).
Mapping of the genes within the UVB susceptibility
region As the gene(s) for a wide range of disorders such as
cleft palate susceptibility, autoimmune orchites, the hemopoietic
histocompatibility complex, Behc¸et disease, psoriasis vulgaris,
Kawasaki disease, insulin-dependent diabetes mellitus, and rheumat-
oid arthritis were linked to the central part of the human MHC
complex (Daley et al, 1987; Gasser et al, 1988; Teuscher et al, 1990;
Mizuki et al, 1997a,b) the region was extensively searched and
various genes were identified. So far 14 genes (Bat4, Bat3, Bat2,
Bat1, B144, TNFα, LTβ, LTα, G1, IκbL, IC7, NB6, AIF-1,
CKIIβ) were mapped to the region distal to Bat-5 and proximal
to MIC-B in the human that is homologous to the mouse (Bat5-
H2D) UVB susceptibility region (Peelman et al, 1996; Gallagher
et al, 1997). Of those 14 genes, nine of them: CKIIβ, Bat4, Bat3,
Bat2, B144, TNFα, LTβ, and LTα were previously mapped to
what we now call the UVB susceptibility region in mice and their
mouse analogs were isolated (Lanning and Lafuse, 1997). The IκBL
and G1 (Iba1) genes were placed within the mouse Bat4–H2D
region in a comparative map of the central part of the human,
swine, and mouse MHC (Peelman et al, 1996), although the actual
data showing the mapping and the sequence of mouse IκBL and
G1 (Iba1) gene is not available. The genes AIF-1 and presumed
pseudogenes IC7 and NB6 were not mapped in mouse. To clarify
the human/mouse homology we used the PCR approach to search
mouse Bat5-H2D region for mouse homologs of genes IκBL, G1
(Iba1), AIF-1, NB-6, and IC-7. We successfully amplified mouse
IkBL, G1 (Iba1), and AIF-1 genes and were unable, even under
relaxed PCR conditions to amplify NB-6 and IC-7. The amplified
mouse PCR products of IκBL, G1, and AIF-1 genes were subcloned
and sequenced to confirm their identity and were mapped to the
mouse P1 contig of the UVB susceptibility region to the position
that would be predicted based on the human map.
As the UVB-S gene is expected to be expressed in the skin, we
tested which of the genes within the mouse Bat5–H2D region are
expressed in the skin or in PAM212 mouse keratinocytes cell lines.
For the studies, the full thickness of the skin was used, including
the epidermis and dermis that might contain any migratory cells
such as macrophages, T cells, and dendritic cells. We knew from
previous work that TNFα and LTβ are expressed in the skin but
the state of skin expression for other genes was unknown. To our
surprise all genes residing within the UVB susceptibility region are
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expressed in the full thickness skin (Fig 3) and PAM212 ker-
atinocytes cell line (Fig 4) (CKIIβ data not shown).
DISCUSSION
Utilizing the differential response to UVB-induced contact hyper-
sensitivity in various mouse congenic strains we genetically and
physically isolated the region containing the UVB susceptibility
locus. The region is maximally 190 kb long and is located on
chromosome 17 within the class III region of the mouse H-2
complex. The region has its human homolog within the MHC
complex on the human chromosome 6 and was extensively studied
over the last several years as many diseases of immunologic
and dermatologic relevance (e.g., ankylosing spondylitis, psoriasis
vulgaris, Behc¸et, and Kawasaki disease) as well as of non-immunol-
ogic background (e.g., cleft palate disease), have been associated
with this region. A large part of the human region (µ 120 kb)
from the Bat2 gene to the MIC1A gene (human region homologous
to H-2D) has been completely sequenced and searched for possible
transcripts (Iris et al, 1993; Shiina et al, 1998). The part proximal
to the human Bat2 has not yet been sequenced but was extensively
searched for genes by various investigators in human and mouse.
Therefore, it is likely that most of the genes residing between the
Bat5 and H-2D are identified and that very few, if any, are still hiding.
Our genetic data clearly locate the UVB susceptibility locus to
the Bat5–H-2D region. Of the 14 genes already mapped to the
homologous human region, we found that all but two of them are
present in the same location in the mouse. The genes that were
not found in the mouse, IC7 and NB6, have not been well
characterized in humans. Only a partial human sequence is available
for the NB6 gene and was shown to contain an Alu repeat. This
type of repetitive DNA sequence represents µ 10% of human and
primate genomic DNA but is not found in the murine genome
(Mighell et al, 1997). Alu repeats are rarely present in the coding
regions of mRNA; therefore, there is reason to doubt whether the
NB6 gene codes for a functional protein. Of the IC7 gene, only a
162 bp long partial sequence has been reported, and this sequence
has no homology to any known gene. The failure to find mouse
counterparts of these genes by us and by the investigators that
originally described them in humans (Nalabolu et al, 1996) suggests
that the mouse sequences have significantly diverged from the
human sequence. If so, this would make these genes unlikely
candidates for the UVB susceptibility gene. Of the 12 genes that
we found residing in the human Bat5–H-2D interval, all of them
are expressed in the mouse skin and a keratinocyte cell line.
As we expect that the UVB susceptibility gene will be somehow
involved in immunologic processes in the skin, it is unlikely,
although not impossible that Bat1, Bat2, Bat3, Bat4, and G1 (Iba1)
are candidates for UVB-S gene. Bat1 gene encodes a ubiquitously
expressed putative nuclear RNA helicase (Peelman et al, 1995).
The G1 (Iba1) gene is a calcium-binding adapter molecule with
unknown function (Imai et al, 1996). Bat2 and Bat3 are proline-
rich proteins with ubiquitin-like domains that are expressed in
most of the tested organs and particularly high in testis (Banerji
et al, 1990). The function of Bat4 is unknown, but similar to Bat2
and Bat3, it is highly expressed in the testis. Others have stated
that this expression pattern may suggest a role in cell proliferation
or differentiation (Lanning and Lafuse, 1997).
Any of the remaining genes: B144, AIF-1, CKIIβ, IκBL, TNF-
α, LTβ, and LTα are potential candidates for the UVB susceptibility
gene as all of them are somehow involved in immunologic
responses. B144 is predominantly transcribed in macrophages and
its expression is enhanced by interferon-γ. The transcript has four
alternative initiation sites and extensive alternative splicing (Tsuge
et al, 1987; de Baey et al, 1997). AIF-1 is selectively expressed by
inflammatory cells of the monocyte/neutrophil lineage and is also
upregulated by IFN-γ (Utans et al, 1995). Casein kinase II β
(CKIIβ) is a protein that regulates rapid deterioration of IκB genes
(Van Schwarz et al, 1996). IκB proteins control the activation of
neurofibromatosis (NF) κB which in turn regulates the expression
of cytokines including TNF-α (Henkel et al, 1993). TNF-α, in
turn can also activate NFκB (Henkel et al, 1993; Barnes and Karin,
1997). The fact that CKIIβ gene lies almost adjacent to IκBL and
the TNFα/LTα/LTβ cluster suggests that these genes might be
coordinately regulated. A model could be hypothesized in which
a signal for casein kinase II expression and/or activation leads to
rapid degradation of NFκB/IκBL inhibitory complexes. NFκB
would then be free to translocate into the nucleus as an active
transcription factor resulting in high-level expression of cytokine
genes important in maintaining the integrity of the skin. For
example, as an apoptotic factor inducible by UVB light, TNF-α
is an essential part of the controls which eliminate damaged skin
cells from the body. The altered expression or inactivation of any
of these factors in the proposed cascade could dramatically alter
the skin’s ability to rid itself of potentially malignant tissue. It is
yet to be determined, however, whether IκBL will function as
other IκB family members or if degradation by a casein kinase II
mediated signal is involved in its regulation.
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